Psidium cattleianum (PC) has been displaying inhibitory effect against a variety of microorganisms, but this effect has not yet been tested against endodontic pathogens. The aim of this study was to evaluate the antimicrobial activity and biocompatibility of the aqueous (PCAE) and hydroethanolic (PCHE) extracts from Psidium cattleianum (PC) leaves. Minimum inhibitory concentration (MIC) and minimum lethal concentration (MLC) were determined using the microdilution broth method in order to analyze the antimicrobial effect against Enterococcus faecalis, Pseudomonas aeruginosa, Actinomyces israelii and Candida albicans in planktonic conditions. Biofilm assays were conducted only with the extracts that were able to determine the MLC for microorganisms in planktonic conditions. Immediate and late tissue reactions against PC extracts were evaluated using edemogenic test and histological analysis of subcutaneous implants in Wistar rats. The results showed that the MIC and MLC values ranged between 0.25 and 4 mg/mL. The MLC obtained for PCHE inhibited 100% growth of all the tested strains, except for C. albicans. PCAE had the same effect for E. faecalis and P. aeruginosa. Both PC extracts were able to eliminate E. faecalis biofilms and only the PCHE eliminated P. aeruginosa biofilms. The positive controls inhibited the growth of all tested strains in MIC and MLC essays, but no CHX tested concentrations were able to eliminate A. israelii biofilm. PCAE caused a discrete increase in the edema over time, while PCHE caused a higher initial edema, which decreased progressively. Both PCAE and PCHE extracts were biocompatible, but PCHE showed better results with slight levels of inflammation at 28 days. In conclusion, PCHE was biocompatible and presented better antimicrobial effect against important pathogens associated with persistent endodontic infections   A n t i m i c r o b i a l A c t i v i t y a n d 
Introduction
The microbiota remaining after conventional endodontic treatment has been related to the maintenance or development of periapical diseases. The persistence of some microorganisms, like Enterococcus faecalis and Candida albicans in cases of endodontic treatment failures and Actinomyces israelii and Pseudomonas aeruginosa in refractory periapical lesions, associated with the complex anatomy of the root canal system require irrigants and dressings with a large spectrum of antimicrobial action for better disinfection (1) (2) (3) . The most commonly used antimicrobial agents in endodontics are calcium hydroxide (CH) and chlorhexidine (CHX) (4, 5) . Although most endodontic pathogens are effectively eliminated by CH, E. faecalis and C. albicans can be resistant, depending on the CH vehicles (6) . CHX has a reasonably wide range of activity against aerobic and anaerobic bacteria, as well as Candida species. Several studies have reported a better antimicrobial activity for CHX when used as an endodontic dressing, compared with CH and the association of CHX and CH (7) (8) (9) . Although CHX is also a potent antimicrobial irrigant, its capacity of tissue dissolution is reduced and when in contact with a common endodontic irrigant, sodium hypochlorite, it results in a "potentially toxic precipitate" (10) .
Herbal medicines are emerging as potential antioxidant and antimicrobial agents for the treatment of human diseases (11, 12) including those in oral cavity (13, 14) . Species of Psidium have been largely studied due to its antimicrobial (11, (13) (14) (15) , anti-inflammatory (15) , antioxidant and antiproliferative (13) properties. Psidium cattleianum (PC), commonly known as araçá or strawberry guava, belongs to the Myrtaceae family and is native from tropical America, although it may be cultivated in other countries because it tolerates a large diversity of climates (12) . PC extracts have displayed inhibitory activity against oral microorganism (13) . However, the antimicrobial effects of extracts from PC leaves have not yet been tested against pathogens related in endodontic infections. Thus, the aim of this study was to evaluate the biocompatibility and antimicrobial activity of the aqueous (PCAE) and hydroethanolic (PCHE) extracts obtained from PC leaves against persistent endodontic pathogens.
Materials and Methods

Plants Extracts
The leaves were collected in the Araçatuba School of Dentistry, UNESP, Araçatuba, SP, Brazil. The specimen, number HLF2006/7, was deposited at the Pharmacology and Research Herbarium, Phytotherapy Lab, São José do Rio Preto, SP, Brazil. The leaves were washed and dried at 37 °C for one week, when they become brittle and ground to a fine powder. Aqueous extract was obtained by decoction in deionized water (20 g/250 mL) for 5 min at 100 °C and at 55 °C for an additional 1 h. Hydroethanolic extract was obtained mixing 20 g of powdered leaves with 250 mL of 80% ethanol and shaking vigorously five times a day for 12 days (16). Both solutions were then filter sterilized with 0.22 µm mixed cellulose ester membranes (EMD Millipore, Billerica, MA, USA). The hydroethanolic extract was concentrated under reduced pressures by a rotary evaporator (MA120/ TH; Marconi Marconi Equipamentos para Laboratórios Ltda, Piracicaba, SP, Brazil) linked to a vacuum pump (TE-058; Tecnal Equipamentos Científicos; Piracicaba, SP, Brazil). The aqueous extract was incubated at 37 °C for 72 h. Both dried extracts were stored in dark bottles at -20 °C until use.
Antimicrobial Properties of the Plant Extracts
Microbial Conditions
The following microbial strains used in the present study were kindly provided by the Oswaldo Cruz Foundation (FIOCRUZ, Rio de Janeiro, RJ, Brazil): E. faecalis (ATCC 51299), Actinomyces israelii (ATCC 12102), P. aeruginosa (ATCC 15442) and C. albicans (ATCC 26790). The purity of the strains was confirmed by the Gram method. Microbial suspensions were prepared from overnight grown culture in Brain Heart Infusion broth (Ref.M210/ Lot.35340, Himedia, Mumbai, Maharashtra, India) for bacteria strains or Sabouraud Dextrose broth (Ref. 238230/ Lot. 2082199, Difco, Bordeaux, France) for C. albicans and incubated at 37 °C for 24 h in a 5% CO₂ (HF212-UV Ultra Safe Incubator; Progen Scientific Ltd, London, UK). All microorganisms were incubated in these atmospheric conditions to simulate low oxygen concentration inside root canals. Growth curve assays were performed for each microorganism in order to determine the optical density at the mid-log phase [approximately 0.5 (5-10×10⁸ CFU/mL) for bacteria and 0.3 (5-10×10⁶ CFU/mL) for C. albicans at 550 nm] to be used in the next experiments. The absorbance was measured using a microplate reader (Eon Microplate Spectrophotometer; BioTek Instruments, Winooski, VT, USA) to assess the cell growth.
Determination of Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC)
MIC and MLC were determined by microdilution broth method, in 96-well microtiter plates, following the criteria previously described by Clinical and Laboratory Standard Institute M7-A9 and M27-A3. The final concentration of bacterial suspension in the wells was 5-9x10 5 CFU/mL and 2.5-5×10³ CFU/mL for C. albicans. Initially, the plant extracts were serially diluted in water and then the microbial suspensions (correctly adjusted for the concentrations), were inoculated in each well. The plates were incubated at 37 °C for 24 h in a 5% CO₂ atmosphere. Afterwards, 15 µL of 0.01% Resazurin (R7017; Sigma-Aldrich, St. Louis, MI, USA) was applied in each well and incubated for 4 h to promote oxidation-reduction and determine the cell viability by visually detected color change. Posteriorly, the wells corresponding to MIC (the least blue well) and at least three previous wells were homogenized, six times diluted and plated on Mueller-Hinton agar or Sabouraud Dextrose agar to determine the MLC. The plates were incubated at 37 °C for 24 h in a 5% CO₂ atmosphere. The colonies were counted and the number of viable bacteria was determined in CFU/mL. MLC was considered when the extracts/fractions killed over 50% to 100% of the tested microbial culture. Chlorhexidine digluconate (CHX) and Amphotericin B (AB) were used as positive controls. The negative controls were cultures without antimicrobial agents in their media. Assays were repeated three times for each microorganism, in three independent experiments.
Biofilm Formation in Polystyrene Microplates
Biofilm assays were conducted with the extracts that showed 100% growth inhibition on the MLC tests. These assays were conducting according to Budzynska et al. (17) , with some modifications. Twenty microliters of each microorganism suspension (approximately 5-9×10⁶ CFU/mL) were inoculated in sterile U-shaped bottom 96-well polystyrene microplates containing 180 µL BHI for bacteria or Sabouraud Dextrose broth for Candida, both supplemented with 0.5% glucose. The plates were incubated at 37 °C in a 5% CO₂ atmosphere. After 48 h, the culture medium was removed and the wells were washed with sterile saline for subsequent addition of 200 µL of plant extract solution in each well. The concentrations used for these assays were 5 and 10 times higher than the MLC concentration. The microplates were incubated again in the same conditions for 24 h. All cultures in the wells were diluted six times and plated in Brain Heart Infusion agar or Sabouraud Dextrose agar and incubated for 24 h. After this, the colony forming units (CFU)/mL was determined. CHX (at 5× or 10× MLC concentrations) and AB (at 5× or 10× MLC concentrations) were used as positive controls and biofilm in water without antimicrobial agents, as negative control. Assays were repeated three times for each microorganism, in three independent experiments.
Biologic Tissue Responses to PCAE and PCHE Immediate Tissue Reaction (Edemogenic Test)
The animal experiment was approved by Animal Experimentation Ethics Committee of Araçatuba School of Dentistry (Process #2008-000166). Eighteen 4-6 monthold Wistar male rats weighting 250-280g were divided in 6 groups of 3 animals according to the experimental period (3 and 6 h) and treatment with hydroethanolic (PCHE) or aqueous (PCAE) extract, both with a 4.0 mg/mL concentration or saline (S) as control. Anesthetized animals received an intravenous injection of 2% Evan's blue (0.1 mL/100 g of body weight) (Evan's Blue; Difco Lab). After 30 min, 0.1 mL of the extracts or saline solution were injected at the dorsum region, near the tail and using the median line as a reference (16) . After 3 and 6 h the animals were euthanized by anesthetic overdose and a fragment of the tissue with a 23 mm diameter containing a blue halo in the center was removed. The tissue was fixed in 4 mL of formamide for 72 h at 45 °C and filtered for posterior analysis in a spectrophotometer at 630 nm.
Late Tissue Reaction (Histological Analysis)
Thirty 4-6 month-old Wistar male albino rats weighting 250-280g were divided in groups of 5 for each experimental group (PCAE, PCHE and S) and period of time (7 and 28 days). Sixty polyethylene tubes with 1.0 mm inner diameter, 1.6 mm external diameter and 10 mm length with a paper cone, were prepared and filled with the extracts (at 40 mg/mL) and saline and subcutaneously implanted according to Machado et 
Statistical Analysis
Data from planktonic growth in MIC and MLC conditions were converted to logarithm scale (log 10 (CFU+1) and the percentage (%) of microbial reduction was compared to normal growth (control group). Box-whisker plots were performed to represent the distribution of non-parametric data obtained in the biofilm assays. Mann-Whitney tests were applied to compare experimental groups and the ones with positive control for microbiological assays. Results of edemogenic test were analyzed by two-way ANOVA complemented by Tukey test (p<0.05). Data from histological study were analyzed by Mann-Whitney and Wilcoxon tests (p<0.05).
Results
The MIC and MLC values in the present study ranged between 0.25 mg/mL and 4 mg/mL ( Table 1) . The results showed strong antibacterial activity of the Psidium cattleianum aqueous extract (PCAE) and Psidium cattleianum hydroethanolic extract (PCHE) against E. faecalis and A. israelii, and weak activity for P. aeruginosa in planktonic conditions. Both extracts were unable to inhibit C. albicans growth by the microdilution broth method. The percentages of microbial reduction in MIC and MLC for Psidium cattleianum extracts are in Figure 1A and Figure 3 shows the results of edemogenic test. Saline and PCAE caused a discrete increase of edema over time while PCHE caused a higher initial edema that decreased gradually. Statistically significant differences were observed for edema between saline and PCHE (p<0.05). The medium scores of inflammatory cell counting after histological analysis are in Table 2 . The saline group at 7 days presented the highest number of inflammatory cells and it was statistically different from other groups (p<0.05). The results from PCHE at 7 days presented the second worst result, differing statistically from PCHE at 28 days and saline at 7 days groups (p<0.05). PCHE at 28 days and saline 28 days presented the lowest numbers of inflammatory cells, but these values were not statistically significant different from PCAE (p>0.05). The thickness of fibrous capsule was statistically different between saline and the other groups, at 7 days. The qualitative evaluation of tissue response to both extracts (PCAE and PCHE) at 7 days showed a thick fibrous capsule with connective tissue in repair. There were numerous new fibroblasts and disorganized collagen fibers oriented parallel to the implant. A layer of macrophages can be observed near the implant, and some cells were dispersed in the repair tissue. There are lymphocytes and mononucleated cells, characterizing a chronic inflammation with the presence of angiogenesis (Figs. 4A and 4C ). The saline group at 7 days presented more aggressive inflammatory response. The area of tissue reaction was higher and the fibrous capsule was thicker with macrophages, lymphocytes, mononucleated cells and new fibroblasts. Collagen fibers were distributed in a complex position (Fig. 4E) . The PCAE and saline groups at 28 days presented a great reduction of inflammatory reaction and a higher tissue organization. The fibrous capsule was thinner with organized collagen fibers parallel to the implant. The number of inflammatory cells was reduced. There were few vessels with small diameter in the connective tissue (Figs. 4B and 4F) . The hydroethanolic group (PCHE) at 28 days presented a more homogenous repair than the other groups. The fibrous capsule was thin and condensed and the collagen fibers were thicker and organized. The fibroblasts showed an elongated and thin nucleus. The macrophages around the implant presented a slight diameter indicating attenuation on the phagocytic activity. Occasional plasma cells may be observed between the implant and the macrophages, suggesting a humoral response to PCHE (Fig. 4D) .
Discussion
The complexity of root canals, the limitations of the chemomechanical preparation and the vulnerability of each species involved in the infection are well recognized factors related to the failure of an endodontic treatment (8) . In alternative to solve this problem, several authors have been studying medicinal plants to improve the endodontic treatment (19, 21, 22) . In the present study, the objective was to analyze the antimicrobial activity of Psidium cattleianum extracts against microorganisms involved in the persistent endodontic infection, apart from analyzing their immediate and late biologic responses.
The antimicrobial properties of PC have been recently studied (11, (13) (14) (15) , but the direct comparison of the obtained results with the literature is difficult, since different methodologies and microorganisms were used in these investigations, only a parallel analysis was done. Similar to this study results, de Souza et al. (9) did not observe an effect against C. albicans in any of the 18 tested extracts, including the PC extract (11) . PCAE showed antibacterial effect at high concentration in a reduced exposure time (5 min) or at a low concentration in 60 min against the Streptococcus mutans biofilm (13) . After treatment with PCAE, in an in situ biofilm assay, total anaerobic microorganism, total streptococci and S. mutans counts decreased when compared with water or antiseptic treatments (14) . In the present study, the PCAE also presented antibacterial effect against the E. faecalis and P. aeruginosa biofilms and eliminated the E. faecalis biofilm at higher concentrations (10×MLC). In order to reduce the time for calcium hydroxide activity as an endodontic dressing, PCHE was used as a vehicle for calcium hydroxide in a biofilm assay. The tested formulation eliminated E. faecalis in 24 h (19) . This study results also showed E. faecalis elimination when exposed to PCHE (5× and 10× MLC), suggesting that only the presence of the PC extract produced bactericidal effect.
The large range between the MIC and MLC values were observed in the results for PCAE extract -MIC (0.25 mg/mL) and MLC (>4 mg/mL) against A. israelii. The same was also reported in studies using antibiotics and propolis against the same bacterium (20, 21) . This suggested that the slow rate of A. israelii elimination is due to the genotypic tolerance of the species (20) . P. aeruginosa was resistant to PC hexane, ethyl acetate and methanol fruit extracts by disc diffusion (15) . In the present study, although others solvents and other tree parts were employed to obtain the PC extracts may observed the effect of PC extracts for both solvents against P. aeruginosa. Different results can be observed in other studies with plant material. This can occur due to the different methods of extraction employed and the different solvents used for obtaining the crude extracts (23) . Furthermore, the presence and concentration of the compounds may be different in each part of the tree (24) .
The presence of the phenolic compounds -three flavonoids (kaempferol, quercetin and cyaniding) and tannin (ellagic acid) -have been related as the factor responsible for the PC antibacterial activity (13) . Flavonoids are secondary metabolites naturally synthesized by plants, capable of penetrating into bacterial cells due to their lipophilic characteristic (25) . Quercetin-5.3-dimethylether from Combretum erythrophyllum displayed MICs values of 0.05 and 0.1 mg/mL for E. faecalis and P. aeruginosa, respectively (25) . Tannins can be toxic to filamentous fungi, yeasts and bacteria due to their ability for inactivating microbial adhesins, enzymes and cell envelopes that transport proteins (26) .
The present study demonstrated that the extracts are safe for use in biological tissues causing benefits to biologic response during repair. During the studied period, the wound healing was in an advanced stage presenting reduced levels of inflammation for PCAE and PCHE groups. These results were different from another study that followed the same methodology using Myracrodruon urundeuva aqueous and ethanolic extracts (16) . The Myracrodruon urundeuva ethanolic extract demonstrated persistency of inflammation until the 28th day (16) .
The edemogenic test showed a higher edema in the PCHE group at 3 h, which probably occurred due to the ethanol. However, this edema reduced progressively. The morphological analysis showed repair progress over time proving that the implants did not interfere with natural repair progression. Both extracts induced better tissue responses than control group (saline) suggesting a beneficial effect of these extracts for inflammation control. This was observed at 7 days when there were moderate inflammatory responses mainly due to the surgical trauma to tissues. Besides, the inflammatory tissue reactions caused by PCAE and PCHE extracts were lower than those caused by saline (control). At 28 days there was a regression of inflammatory process in all groups, but PCHE showed better results with slight levels of inflammation.
This present study has some limitations. First of all, the complete neutralization of antimicrobial agents was not confirmed before plating. Two common methods are used for inhibition of residual biocides: dilution and chemical neutralization. In this study was used the dilution of the antimicrobial agents, 6 times before plating. The choice was to not use chemical neutralization of biocides because of the toxicity displayed by several types of neutralizers. The use of neutralizers could not distinguish between neutralization of the biocide versus recovery of organisms injured by sub-lethal exposure to the biocide (27) . In the present study, was used a population of organisms without exposure to antimicrobial agents as a growth control. However, studies have appointed for the importance of the complete neutralization of biocides, like chlorhexidine, because the accuracy of a biocidal assay and low levels of residuals would lead to exaggerated results of microbicidal activity (27) . Another limitation of this study is absence of dentin as a substrate for bacterial growth. This is the first study that found antimicrobial activity for the Psidium cattleianum extracts against endodontic pathogens and new studies are required to confirm this property simulating the canal root environment.
In conclusion, PCHE was biocompatible and presented good antimicrobial effect against important pathogens associated with persistent endodontic infections.
Resumo
Psidium cattleianum (PC) tem apresentado atividade inibitória frente diversos microrganismos, entretanto esse efeito ainda não foi testado contra microrganismos de interesse endodôntico. O objetivo desse estudo foi avaliar a atividade antimicrobiana e a biocompatibilidade dos extratos aquoso (EAPC) e hidroetanólico (EHPC) das folhas de Psidium cattleianum. 
